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Easy on the EYE. Yes, this group of AIRCOOL 
sections makes a fine picture. Ezsy on COSTS 
as well, for AIRCOOLS save a lot of time and 
money. The reason— quality is built in to 
every section and never varies. Easy .o change 
too, they go straight on to your spindles (no 
loose centres). Made in all diameters and plies 
from plain and impregnated cloths. 
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In the many thousands of new homes now 
being built, colour in all its applications is used 
to give visible expression to the present spirit 
of progress, away from the drab 
years that have gone before. 
Even in places that were once 
considered pure utility we now 
find that the old black stove has 
given place to its clean coloured ' 
counterpart, with matching 
refrigerator and kitchen furniture. 
The bathroom has an air of 
cleanliness and freshness in its pastel shades. 
Blythe Colour Works contributes to the sunny 
scene by supplying enamels, frits and oxides for 
all purposes and every manufacturing process. 7 
AI 
Blythe 
se COLOUR WORKS LIMITED : 
CRESSWELL STOKE-ON-TRENT Si 


THE HOME OF THE WORLD’S BEST COLOURS 
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Production of this month’s issue of METAL FINISHING 
JOURNAL has been affected by a dispute in the printing 
trade which has made necessary a reduction in the 
number of pages. This Journal i is in no way a party 
to the dispute and any inconvenience to our readers 
caused thereby is much regretted. It is hoped that the 
differences will soon be resolved, permitting a return 
to the normal standards of production which we have 
established in the past. 
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THREE ELEPHANT 


Brand 


BORON PRODUCTS 


are now available packed in 





ADVANTAGES OF 


Polythene | =i 


¥& Stronger and more durable than 


LINERS aye 
in hessian bags “aa 


WO EXTRA COST! — |” srrimsionnmice 


The Polythene liner is now standard packing Hk The contents are more easily 

for BORAX, BORIC ACID, V-BOR and PYROBOR when emptied. 
packed in hessian bags. 
+ Our THREE ELEPHANT BRAND 
BORON PRODUCTS are still ayvail- 


BORAX & CHEMICALS LTD able packed in 6-ply paper bags for 


ho thi. i 
KINGS BOURNE HOUSE, 229 HIGH HOLBORN, LONDON, W.C.! acne Senn pn hte paaiinge 
‘Phone: HOLborn 6518 Cables: Boraxchem, London "Grams: Boraxchem Phone London 
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P FOR PAINTING 


pwc vast annual total of the sums of money expended in purchasing and applying 

paints to metal surfaces has frequently been referred to as a major incentive to 
those responsible for the application of paint to ensure that the performance of the 
paint film when applied shall adequately justify the material expenditure. 

By far the greater part of the propaganda drive is directed towards ensuring that 
metal surfaces are adequately treated before painting to achieve enhanced adhesion 
and to inhibit the spread of corrosion under the paint film from small damaged areas. 

Since Coslett filed his original patents covering the phosphate coating of steel, an 
important branch of the finishing industry has grown up, whose wide ramifications 
cover the treatment of all types of metal with numerous different acids and chemicals. 

Although the gospel of efficient pretreatment which is so forcefully preached by the 
purveyors of pretreatment processes has by no means fallen on deaf ears, as is evidenced 
by the number of efficient pretreatment installations now operating in this country (one 
of which is described in this issue), nevertheless, there is ample reason to believe that 
enlightenment is slow in coming to many others. 

Cases where a paint film has undergone an untimely breakdown, which is directly 
attributable to failure to ensure that the metal surface to which it was applied was 
adequately prepared to receive it, are still far from uncommon, and are largely 
inexcusable. 

A great deal of research and development effort has gone into the production of 
phosphate solutions for the treatment of steel, and other solutions for the production of 
conversion coatings on light alloys. Conflicting claims are put forward by their 
various sponsors for the merits of phosphate solutions based variously on phosphates 
of zinc, iron, manganese or the alkali metals, or mixtures of these. 

Competition on this technical plane must surely be healthy, and provides a spur to 
the development of still more effective processes which can claim such benefits as greater 
re sistance to corrosion or faster speeds of application. 

Phosphate coating is in essence a simple process wherein the immersion of the metal 
to be treated in the acid solution results in reaction of the metal with the solution, 
giving rise to a reduction of the acidity of the layer of solution adjacent to the surface. 
This reduction in acidity renders the dissolved phosphates less soluble and in con- 
sequence they crystallize out of the solution onto the metal surface. Iron phosphate 
produced by the dissolution of some ‘of the metal surface invariably comprises a sub- 
stantial proportion of the deposited phosphate coating. By proper adjustment of the 
operating conditions the phosphate coating can be made properly adherent with a very 
low porosity and a crystal structure that provides an excellent key for a paint film. 
It is in the determination of the operating conditions and in the incorporation of 
substances which accelerate the formation of the film and modify its crystal structure 
that the individual commercial developments of the process have taken place. 

It can truly be said that from the wide variety of chemical pretreatment processes 
commercially available today it should be possible to select one suitable for any 
specific industrial application; the only danger perhaps lies in that, failing to see the 
wood for the trees, the potential user, bewildered by the multiplicity of his choice, 
neglects to take action at all. 
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WORTH WATCHING 


LTHOUGH manufacturers are still pro- 

ceeding cautiously with the use of the super- 
purity aluminium base alloys in this country, on 
the Continent these materials are fast becoming 
more and more prominent in a wide variety of 
applications. It has recently been estimated that 
some 20,000 aluminium wrist watch cases are 
being produced daily in Switzerland, the principle 
alloys used being Reflectal 5 (0.2-1.0 per cent Mg) 
Reflectal 20 (1.5-2.5 per cent Mg) and the heat- 
treatable alloy Reflectal 107 (0.5-1.0 per cent Mg. 
0.2-1.0 per cent Si). The cases are made by deep 
drawing or stamping sheet or extruded stock; 
extruded material offers considerable advantages 
both from the points of view of low cost and 
reductions in machining time. Finish machining 
is very easily carried out with diamond or hard 
metal tools, and the components are then 
chemically brightened and anodized. Dyeing of 
the film to similate gold is a very popular method 
of final treatment. 

In this country there is a much larger investment 
in large plant, both automatic and manual, 
specifically designed for nickel and chromium 
plating than there is on the Continent. It is with 
chromium plate that these alloys are most likely 
to come into competition, particularly in the 
motor car and domestic ware fields, and there is 
understandedly a reluctance to introduce a new 
finish to which existing plant could not readily 
be adapted. Also, there is the real snag that the 
present chemical brightening treatments demand 
such short dipping times and close supervision 
by the operator that they are not suitable .for 
mechanization. 


HIGH PRESSURE PRODUCTIVITY 


HENEVER I see a large article in a factory 

being carried to a small one I have an 
instinctive feeling that something is wrong, and 
the lay-out wants investigating. A typical case 
in point is the frequent way in which units which 
have to be painted are transported to and from 
spray guns for touching up. There is a way out 
of this problem, in the form of pressurized 
containers which are becoming increasingly 
popular in this country for a wide variety of 
products, from shaving soaps to insecticides and 
paints. Small pressurized tins of paint which 
could be used wherever required in the absence 


TOPICAL COMMENT 
FROM THE MAIN 
LINES AND Sip 
LINES OF METAL 
FINISHING 


of a compressed air supply might in many case 
effect savings of time and labour, although the 
material might be expensive to buy in this form 
in the first place. The choice of a suitable 
propellant which meets all the requirements, 
particularly constancy of pressure as the container 
empties, is not an easy matter and has been the 
subject of considerable research. The most 
suitable propellants seem to be the inert reffi. 
gerant gases, such as _trichlorofluoromethane, 
which have the additional advantages of being 
odourless and non-toxic. I venture to hazarda 
guess that such eontainers will find an extensive 
use in the trade in the near future. 


ANTI-SUNBURN FOR PAINTS? 


HE deterioration of body finishes on motor 

cars through weathering is almost entirely 
due to the action of sunlight, oxygen and water 
vapour or humidity, and the relative concen- 
tration of each of these determines the rate of 
deterioration. While there is no way of protecting 
the finish from oxygen and water, it might not be 
unreasonable to expect that materials might be 
found which could be added to paints to absorb 
the ultra-violet light, but no-one seems to have 
succeeded in doing this yet. After all, such 
materials have been employed with some success 
in sun-tan lotions to protect the human skin from 
the same action. Possibly some kind of finish 
coating to reduce the penetration of ultra-violet 
light to the pigment-containing enamel might 
help, as it is the exposure of the pigment and ils 
erosion which leads to loss of gloss and subsequent 
breakdown. Not being an authority on organic 
chemistry I am perhaps minimizing the difficulties. 
Perhaps those who are better informed will tel 
me that it is impossible—but as someone ont 
remarked; “The merely difficult we do at onet, 
the impossible takes a little longer.” 


SAILOR, BEWARE! 
OMMENTING on a recent mild complaint 
in a British scientific journal that our limited 

stock of technical personnel is being depleted by 
the high rates of pay offered by U.S. companics, 
an American paper comments pointedly that its 
not so long since American seamen in our ports 
were press-ganged into the Royal Navy 
rather less generous terms. 

Apparently the War of Independence is not ye 
over! 
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Introduction 


HE body of the Land Rover is an assembly of 

formed panels of aluminium-2 per cent 
magnesium alloy, some of which have previously 
undergone spot-welding operations. In order to 
achieve a durable painted finish, such panels have 
to be given some form of efficient surface treat- 
ment prior to assembly. 


It is well known that aluminium and its alloys 
develop under normal conditions of atmospheric 
exposure an oxide film which provides a con- 
siderable degree of protection against corrosion, 
the main exceptions being exposure to marine and 
industrial atmospheres, in which cases additional 
safeguarding treatment is necessary. Certain 
treatments are also necessary to ‘correct’ a 
further deficiency of aluminium surfaces, namely, 
their inability to provide a good key for paint. 
Such treatments vary from scouring, scratching 
and acid etching to anodizing, but they all fall 
short of commercial requirements, generally on 
the grounds of complexity of operation or of high 
cost. The following review describes the use of 
“Alocrom,” the finishing system adopted by the 
Rover Co. Ltd., with regard to simplicity, 
economy and speed of operation. The property 
of adhesion for paint is further emphasized in 
that this advantage exists not only in the initial 
stages, but also in the whole life of the paint coat. 
Even on unpainted surfaces of aluminium and its 
alloys, ““Alocrom” markedly improves the cor- 
rosion resistance. This is well shown in Fig. 1, in 
which the left-hand panel consists of aluminium- 
lad light alloy and the right-hand is of the same 
material treated with ‘“‘Alocrom,” both unpainted 
and having been subjected to 160 hours salt spray. 
From the corrosion standpoint, another great 
advantage is that steel, brass or copper inserts do 
not affect the article being treated. 


Briefly, historical development in the basis 
(reatment of |Land-Rover bodies has been along 
the following lines, treatment prior to the initial 
stage of protection being the same for all methods. 

© Original protective treatment was by the 









THE TREATMENT OF 
ALUMINIUM BODY PANELS 
prior to PAINTING 


Use of the ‘ALOCROM’ Process at 
the Works of the ROVER CO. LTD. 


old-type Alocrom immersion process—treating 
100 vehicles per week. With increasing produc- 
tion demands, this method was abandoned in 
favour of phosphating treatment. The next 
development was the application of an etching 
primer, thereby saving one stage in the various 
steps necessary for overall protection treatment. 
This etching primer was a complex mixture of 
zinc chromate, phosphoric acid and suitable 
thinners. It was applied manually by spraying, 
but the pot life was limited. Apart from this 
drawback, the method did not permit a sufficiently 
useful margin for increased production and the 
final change was to the present method—the 
spray “Alocrom” 1200 process—so that the 
essential change has been that no primer as such 
is now used. But, considerable additional 
benefits accrue on the production side through 
this transfer and especially with reference to 
cheapness, labour, speed of working, corrosion 
resistance and paint adhesion. Final finishing 
coats (which are outside the province of this 
discussion) consist of two synthetic enamel coats, 
followed by baking. 

Alocrom 1200 is an acid chromate process 
incorporating a fluoride accelerator, to complete 
the formation of the coating in the stipulated time 
period—a particularly important factor when it 
is remembered that the process is virtually carried 
out at room temperature. The process produces 
protective coatings on aluminium and aluminium- 
rich alloys which range in colour from light 
iridescent golden through tan to dark brown. 
Apart from its operation at room temperature, 
it requires only two chemicals for make-up, 
replenishment and final acidulated rinse. The 
coatings produced provide protection for un- 
painted metal and a good bond for paint. The 
coating is an oxy-chromate one integral with, and 
as flexible as, the metal itself. It does not flake 
on bending, resists temperatures sufficiently high 
to affect the physical properties of the metal itself 
and results in little or no dimensional change of 
the component after treatment. 

Standard procedures are available for the use of 
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the process by spraying, brushing or by complete 
immersion, but it is only with the first of these 
that the present discussion is concerned. 


Precleaning 


It is obviously of the greatest importance to 
effect complete removal all foreign matter which 
would interfere with the correct performance of 
the spraying process. Pre-cleaning is carried out 
by means of trichlorethylene, the degreasing 
action being largely by vapour, although there is 
some washing action. It is conducted prior to 
any spot-welding operations, any grease hand- 
marks occurring after welding being looked after 
by the etching action of the ‘‘Alocrom” solution. 

Certain precautions are necessary, due mainly 
to the form of the work passing through. For 
example, the importance of providing adequate 
drainage holes cannot be over-stressed if carry- 
over of the solution, leading to excessive consump- 
tion of chemicals and contamination of the baths, 
is to be avoided. This difficulty is usually 
overcome by the provision of drainage holes at 
suitable points, but, even so, they must be of 
sufficient size to allow thorough drainage in the 
short time available between stages—the time 
factor being of the greatest importance in the 
later spraying and rinsing sequences. It will be 
obvious that solid impurities, swarf, etc., will be 
removed in the early stages by wiping or by 
blowing with compressed air, otherwise the 
efficiency of the plant will be affected by drainage 
failure (i.e. through drainage holes). 


Sequence of Processing 


After precleaning, the sequences of operation, 
as far as the Alocrom process itself is concerned, 
are essentially four in number :— 





Fig. 1.—Two unpainted panels (alm. 
inium-clad light alloy) subjected 1 
160 hours salt spray. The left-hayj 
panel was untreated; the right-hag 
panel was treated with “‘Alocron’. 





Stage I —‘‘Alocrom” 1200; 

Stage I] —Cold-water Rinse; 
Stage I]1I—Final Rinse (Hot); 
Stage [V—Drying Oven. 


Stage I—The “Alocrom” 1200 solution js 
contained in a tank of 525-gallons capacity, 
maintained when necessary at 74° F. by means of 
steam coils. The plant is designed to spray any 
particular work for 60 seconds, the conveyor 
speed being 7.5 ft. per minute. The spray 
pressure is 20 lb. per sq. in. 

To prepare the bath, 1} oz. per gallon (8 Ib. per 
100 gallons) of “‘Alocrom”’ 1200 powder are added 
slowly to the requisite amount of water a 
operating temperature, the bath being stirred 
until solution is completed. The pH of the bath 
is adjusted to between 1.5 and 1.8 by the addition 
of nitric acid. The value of 1.8 must not b 
exceeded, otherwise the necessary degree of 
etching will be affected. The figure of 1} oz. per 
gallon is the concentration normally used @ 
commencement, but, when the first addition of 
powder is made to replenish the bath, the com 
centration is increased to 1} oz. per gallon. 01 
the second replenishment, the concentration 
increased to 1? oz. per gallon, and so on, until 
the full 34 oz. per gallon concentration is reached 
and maintained. Actually, the initial bath make- 
up is 28 Ib. of powder (equivalent to 0.95 oz. pet 
gallon) and 2,700 c.c. of concentrated nitric acid— 
giving a pointage titration of 2.5 c.c. and a pi 
within the range 1.5 to 1.8. 

For the time selected, the bath should produce 
iridescent golden to light brown coatings 0 
aluminium, but the operation of the bath may be 
affected by local conditions. Thus, if the coatings 
are lighter than required, additions of Alocrom 
1200 are made in } oz. per gallon increments until 
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satisfactory coatings are produced. Again, the 
strength of the bath should be maintained so that 
the pointage titration is within the limits 2.5 to 
§§c.c. The pointage may be adjusted by the 
addition of 14 1b. of powder for each 0.1 c.c. 
low the required strength. The pH is 
adjusted by means of additions of nitric acid. 
1,000 c.c. of concentrated nitric acid (1:1) reduces 
the pH of a working bath by approximately 
0.1 pH. It should normally be possible to main- 
tain the pH within the required limits by adding 
112 c.c. of acid for each pound of powder added 
toadjust the pointage. During normal operation, 
the pH of the bath rises, causing a reduction in 
the colour of the coating. This can be coun- 
tracted by adding one quart of 1:1 nitric acid to 
the bath for each 10 Ib. of powder used in the 
normal replenishing procedure already described, 
or, a sufficient amount to maintain the pH of the 
bath between 1.8 and 1.5, as determined by a pH 
meter. 

The conditions of operation of the process 
have been established. Thus, if the coating is too 
light or too iridescent, the cause may be found 
inone or more of the following:— 

(a) The temperature of the bath is too low for the 
spray time selected. 

(\) The spray time is too short. 

(c) The concentration of the bath (i.e. the point- 
age) is too low. This condition will give very 
thin coatings. Excess ““Alocrom’’ will give 
heavy coatings with a tendency to powder. 
The pH of the bath is outside the proper 
range. Insufficient acid (pH too high) will 
lead to pale yellow coatings—there may be 
failure to coat or a tendency to powder 
where the coating is heavy. Excess acid 
(pH too low) will give dark brown coatings. 

A further consideration is necessary, since it is 
not included in the above, namely, where the 
treatment is prolonged beyond the recommended 
time, there is a tendency for powdery coatings to 
be produced. Nevertheless, such overtreatment 
does not tend to pit aluminium or to cause any 
appreciable attack on the metal. 

Operational precautions relating to Stage I can 
be considered as consisting of two separate 
groups—related respectively to the process and 
to the operator. The former group is most 
important if efficient operation is to be main- 
tained. For example, the level of the bath must 
be adjusted to the correct height and the 
Alocrom” pointage and pH should be checked 
and adjusted at regular intervals (generally each 
morning) to ensure that they remain within the 
specified limits. The screen over the pump inlet 
should be cleaned each night and any scum that 
has formed on the surface of the bath should be 


removed. Again, a small amount of sludge 
resulting from the chemical action will accumulate 
in the bath. It should be removed at intervals of 
about three. months. 

With regard to the operator, the main pre- 
cautions relate to the health hazard, but this is 
not serious if certain elementary safeguards are 
carried out. The plant, of course, must be 
designed to prevent as far as possible any escape 
of spray into the shop, but, as a safety precaution, 
all operators handling the powder are equipped 
with Martindale masks to prevent breathing dust 
from the powder, or vapour fume from the bath. 
The provision of suitable gauntlets, goggles, etc., 
applies also to operators handling nitric acid. In 
the event of accidental contamination with 
powder, dust or solution, the skin should at once 
be liberally flushed with water. 

These are normal present-day precautions, as 
insisted upon in any well-conducted plant and it 
must not be thought that the process offers 
anything exceptional in the way of health hazards. 
There is, however, one further precaution to be 
followed if the efficiency of the process is to be 
maintained, namely, satisfactory storage of the 
““Alocrom” 1200 powder. This must be at all 
times in a dry place. The container must be kept 
tightly closed and the polythene bag resealed with 
masking tape after powder has been removed. 


Stage II—The water for the cold-water rinse is 
supplied from a tank of 270 gallons capacity, 
providing a spray at 15 lb. per sq. inch for 
30-seconds. The temperature is 70° F., but no 
heating is required unless the temperature drops 
below 70° F. in cold weather. This rinse runs 
away continuously. There should be a constant 
overflow while the plant is in operation and this 
should be sufficient to keep the surface free from 
scum and to prevent an accumulation of more than 
0.01-0z. per gallon of chromate. A build-up of 
chromate in the wash water is prevented and 
contamination need only be checked occasionally 
to ensure that there is no excessive carry-over 
from Stage I. 


Stage II]—After the cold wash, the parts are 
given a spray rinse in hot water at 120 to 160° F., 
to which has been added 0.048 oz. per gallon of a 
phosphate-base protective, ‘‘Deoxylite,” so coun- 
teracting any hardness present in the rinse water 
and slightly ‘acidifying’ the work before the 
drying stage. This wash is also from a 270-gallon 
capacity tank and is timed to give a spray-rinse 
for 30 seconds at 10 lb. per sq. in. The bath is 
discarded each night and the tank and filter scum 
cleaned out. The temperature is maintained in 
this stage by means of steam coils. 


Stage 1V—The temperature of the drying oven 
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should be the minimum necessary to ensure 
thorough drying of the work and jigs. The drying 
temperature for the coatings is not critical, but in 
practice it is not necessary to exceed a temperature 
of 265° F. on Land-Rover bodies and panels. 
The ability of the coatings to withstand high- 
drying temperatures was an additional attractive 
feature in favour of the use of this process on 
Land-Rover bodies and other parts where trapped 
processing solutions might otherwise be difficult 
to dry off. 

Fig. 2 shows components leaving the dry-off 
oven. The variety of size and shape of work 
passing through the plant for treatment is readily 
seen. 


Details of Plant 


Two plants are now in operation at the Rover 
works, but remarks below will be limited essen- 
tially to the original plant, with reference to any 
differences which have been incorporated in the 
second plant. Actually, the difference relates 
entirely to the two types of Land Rover, namely, 
the two existing wheel-base sizes, 86-inch and 
107-inch. These are processed in separate shops 
and assembly lines, the latter size requiring a 
slightly longer plant. The essential details, 
however, are the same in each case and each of 
the two plants is designed to give the same rate of 
production, viz., 500 Land-Rover units per week. 

It is most important that the solutions 
(““Alocrom,” wash water, etc.) do not inter-mix 
and so the spraying sections are separated, the 
space between being of sufficient length to ensure 
drainage of the work. The spraying and draining 


section is built in the form of a tunnel, 65 ft. 10in, 
long X 9 ft. 8 in. high x 5 ft. nominal width 
divided by means of silhouette plates into spray 
and drain sections in the following order :— 





| 


Treatment 


Length 


—————_ 





Entry Vestibule. 7 ft. 
‘““Alocrom” Spray 
Section. 
Drain Section. 
Warm-water Rinse 
Drain Section. 
Acidulated-water Rinse 
Exit Vestibule. 


| 7 ft 6 in. 

18 ft. 6 in, 
3 ft. 9 in, 

| 14 ft. 

| 3 ft. 9 in, 

| UL ft. 4 in, 














The lengths of the drain sections have been 
determined by practical test and from the time 
required to ensure adequate drainage. 

For ease in handling of the work and for 
controlled process timing, the plant is operated in 
conjunction with an overhead-type Monorail 
conveyor, the work being supported on carriers, 
specially designed to accommodate the various 
shapes. The bodies are hung from one side so 
that the normal width of 5 ft. is hung vertically 
and the normal length of the bodies (i.e. 7 ft.) is 
suspended along the direction of conveyor travel. 
The width of the work across the conveyor is 2 ft. 
Protective shrouding around the conveyor is 
incorporated in the design of the enclosure 
tunnelling in order to protect the conveyor unit 
from the sprays. The shrouding is fitted with 
polythene seals at the lower extremity. 


(Continued in page 60) 





Fig. 2.—A number of components, 

illustrating the wide variety in size 

and shape of work, shown leaving 
the dry-off oven. 
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CERAMIC COATINGS 
for use at 


HIGH TEMPERATURES 


by B. ZICK 


Paper presented at the International Enamelling Congress, Leamington Spa, October, 1955 


ITREOUS. enamellers in common with 

other metal finishers are well aware of the 
need to protect metals, particularly those of the 
ferrous group, against corrosion. It is likewise 
well known that any rise in temperature of 
unprotected metal parts greatly accelerates the 
rate of attack, be it by oxidation, corrosive 
liquid or corrosive atmosphere. 

The vitreous-enamel and plating industries 
particularly have been meeting this problem of 
metal protection at elevated temperatures for 
quite some time past. Indeed the latest require- 
ments from sections of the gas-cooker industry 
are calling for and receiving vitreous coatings 
which will withstand prolonged heatings at 
elevated temperatures. 

The application of vitreous coatings for pro- 
tecting metals in industrial and transport under- 
takings has to a large extent lagged well behind 
the domestic appliance industries. It is true that 
trials were carried out and limited applications 
were found but it was not until the early stages 
of the second world war that an extensive pro- 
gramme of research, development and applica- 
tion of ceramic coatings was undertaken. 

The great advances made in aircraft engine 
power outputs under the impetus of military 
demands combined with a shortage of known 
heat-resisting materials opened up an entirely 
new field for protection of metals at high tem- 
peratures. Ceramic coatings provided the new 
means of surface protection which is helping to 
solve corrosion problems by providing combina- 
tions of materials which can stand up to the high 
temperature conditions demanded. 

The U.S. National Bureau of Standards was 
among the first organizations to take steps in 
the development of high temperature coatings. 

The first ceramic coatings developed by the 
Bureau were extensively used to conserve alloys 
which were in short supply. At the outset of 
the programme a number of projects were 
undertaken. 

The objectives of these researches could be 
classified thus: 


(a) Development of special heat-resistant 


ceramic coatings for low-carbon steels which 
could then be substituted for nickel-chrome 
alloys, and testing of the new coatings in direct 
comparison with the conventional glossy 
vitreous enamels as exemplified by those used 
on the exhaust manifolds of some automobile 
engines. 

(b) The development of refractory coatings, 
which in thin layers, would strongly retard the 
oxidation of metal at high temperatures, and the 
development of refractory coatings which in 
thicker layers would provide radiation suppres- 
sion, radiation reflection, or thermal insulation in 
specific high-temperature installations. 

Among the desirable uses for coatings of this 
class were: prevention of intergranular cor- 
rosion, damping of vibration, sealing off of in- 
cipent fatigue cracks in rapidly moving parts, 
suppression of infra-red radiation and reduction 
of red or visible glow radiation. 

The compositions of the metals experimentally 
coated covered a wide range. They extended 
from ingot iron with less than 0.1 per cent im- 
purities through low-carbon or mild steel and 
included various alloy steels containing large 
proportions of chromium and nickel. 

Owing to the widely differing coefficients of 
thermal expansion and rates of oxidation en- 
countered in this range of metals is. was found 
necessary to divide coatings into two main 
groups; coatings for mild steel and coatings for 
alloys or stainless steels. Within this latter or 
alloy group further sub-divisions have been 
found necessary. Indeed so wide is the range of 
expansion and oxidation rates in this group 
alone, that it has come very near to the develop- 
ment of a separate coating for each particular 
alloy steel. 

The National Bureau of Standards programme 
on mild-steel coatings produced coatings of the 
A.19 and A.31 types. Development was based 
upon frits of the conventional ground coat type 
with an increased refractoriness obtained by the 
addition of zirconium oxide, titanium dioxide, 
ferric oxide, aluminium oxide, chromium oxide 
and silica in varying amounts, both singly and in 
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combination. These refractory materials were 
added as mill additions; milling, application and 
firing were done by normal vitreous-enamel 
methods. 

A parallel programme of coating development 
for stainless or alloy steels was likewise in pro- 
gress, the coatings developed, however, with the 
exception of A.418, remain as classified informa- 
tion available to U.S. Government contractors 
only. Extensive development has also.taken place 
in the U.K. but since the work undertaken has 
been for defence and other Government spon- 
sored projects the details cannot be divulged. 

In addition to the Bureau’s programme there 
were other schemes of development both work- 
ing in conjunction with and entirely independent 
from the official project. The most successful of 
these private ventures commenced in 1943 pro- 
duced no fewer than 4,783 experimental coatings 
eventually culminating in what is probably the 
most versatile and most widely used process for 
the protection of stainless steels and alloys up to 
and including Nimonic 90 and Inconel. For 
several years this coating has been used com- 
mercially both in this country and the U.S.A. 
for the protection of aircraft components as well 
as industrial equipment where high temperatures 
or corrosive attack are encountered. 

This latter, privately developed, range of 
proprietory ceramic coatings known as Ferro 
Solaramic differs from the available N.B.S. 
coatings in that they are easier to apply and fire 
at a lower temperature while affording a some- 
what superior degree of protection to the parent 
metal. Solaramic coatings are also free from all 
toxic materials. In the case of those for alloy 
steels, welding through the coatings and a large 
degree of finishing operations of the coated part 
are possible after processing. Protection is 
afforded to the metal at temperatures up to 
1,200°C. for short periods and 900 to 950°C. for 
prolonged periods. The coatings will withstand 
acids, alkalis, salts, hot gases and combustion 
products. In addition they protect dielectrically 
and sharply reduce abrasion and wear. 

In service in the aricraft field in particular the 
full extent of the potential of this type of protec- 
tive finish has not as yet been established. It is 
certain that in general the life of components 
operating in extreme conditions or corrosive 
atmosphere and high temperatures can be con- 
siderably increased. On tests in commercial and 
military aircraft a service life in excess of 4,000 
flying hours without and deterioration in the base 
metal has been attained on components which 
on the same installation have a life of 900 to 
1,200 flying hours when uncoated. 

In addition to the aeronautical uses for which 
these coatings were primarily developed the 





properties of heat, thermal shock and corrogign 
resistance combined with good adherence hay 
found uses in other fields. 

Coatings in the Solaramic range have bee 
used successfully to protect internal combustigg 
engine valves, oil-refinery equipment, furnag 
heating elements, stainless and carbon steels jp 
contact with molten zinc and aluminium agi 
chromel ignitors operating at 1,200°C. in vapour 
of 5 per cent H: SO. and 12 per cent nitric-hydro. 
fluoric acids. 

Solaramic coating has also been found to haye 
a beneficial effect on the fatigue life of the base 
metal and also the welded joints. Alloys con. 
taining less than 20 per cent nickel may be either 
gas or arc welded after coating. On the weld 
area the coating acts as a fluxing agent, and 
where a weld is properly made the coating te 
mains intact almost to the edge of the weld. 

By inhibiting corrosion and oxidation, ceramic 
coatings preserve the tensile strength and ductility 
of the metal. Because of their thinness the coat- 
ings provide rapid heat transfer, but, in the cage 
of radiant heat, the reflectivity of the coating at 
high temperature remains essentially constant 
whereas uncoated metal surfaces tend to become 
less reflective due to oxide formation. 

If necessary parts may be machined after pro 
cessing without serious chipping of the coating. 
Should serious damage be done to a coated com 
ponent the exposed area of metal may bk 
cleaned, re-coated and refired. If refiring th 
whole component.is impractical an oxy-acetylene 
torch may be used to fire the coating on the 
repair by applying the flame directly to the 
sprayed or brushed-on biscuit over the damaged 
area. 

The ceramic coatings are similar to glass in 
resisting abrasion. Generally abrasion resistance 
is effective up to 650°C. with the normal material 
but special anti-gall coatings are available for use 
on components where abrasion takes place at 
higher temperatures. 

In its initial stages the ceramic coatings pro 
gramme was chiefly concerned with the develop- 
ment of materials for the protection of mild sted 
so that it could be used in place of the scare 
alloys. 

With the development of aircraft engines 1 
give ever-increasing power outputs and const 
quent higher operating temperatures and pres 
sures, the point was reached where mild sted 
was no longer adequate because of its low 
mechanical strength under these conditions. The 
engine designers turned to heat-resisting steels 
which, while possessing excellent tensile propet- 
ties at the requisite temperatures, are prone (0 
intergranular attack and subsequent fatigue fail 
ures when exposed to combustion products at 
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these elevated temperatures. 
This in turn ied to the development of the 
range of ceramics which when applied in 
hin layers to the metal provide an effective 
harrier against Oxidation and attack at the grain 
houndaries thereby permitting the substitution of 
lower alloys or extending the life of the original 
garce and expensive material. The kinship of 
high-tem perature ceramic coatings to conven- 
tional vitreous enamels may be traced through 
their development, compositions and in the 
methods of application employed. The pro- 
cedure for applying ceramics is identical to that 
employed in normal enamelling with emphasis 
on painstaking cleanliness and precise and care- 
ful operation. 

Parts to be coated must be thoroughly cleaned, 
freedom from grease, oil, pickling film, heat 
treatment scale and welding flux is essential. The 
cleaning procedure varies with the shape and 
condition of the part to be coated. Mild-steel 
components may in some cases be prepared by 
conventional hot H: SO. or cold HCl pickle. 
Where possible a mechanical cleaning procedure 

ing a non-metalic abrasive blast is preferred. 
Similarly metal preparation for alloy steel may 
bedone by either pickling or sandblast. In some 
cases a combination of the two methods is em- 
ployed, as in addition to cleaning the metal, a 
roughened surface is desirable for increasing the 
bond between the coating and the metal. 

While entirely satisfactory results on alloy 
steels are obtainable using the sandblast prepara- 
tion alone, the following is a detailed metal 
preparation specification used in the treatment 
of gas-turbine aircraft engine components: 

1. Parts are de-greased in a boiling alkali de- 


greaser. 
2. Annealing cycle—10 minutes at 980 + 
15°C. 
3. Acid pickle: 
(a) 10 minutes in 15 per cent Hcl 70 to 
82°C 
(b) Rinse—running water at room tem- 
perature. 
(c) 10 minutes in 10 per cent HnC: plus 
2 per cent HF at 82 to 93°C. 
(d) Rinse—running water at room temper- 
ature. 
4. Wash—Parts are individually washed with 
a pressure gun and hot water. 
5. Repeat the acid pickle, item 3 steps (a) to 
to (d) inclusive. 
6. Parts are then given a neutralization treat- 
ment consisting of: 
(a) Immerse in soda-ash bath (2 oz. per 
gal.) operating at 80 to 85°C. 
(b) Flash neutralization in furnace at 
980°C. for 3 minutes. 


Where it is necessary to protect surfaces such 
as threads or finish machined faces from acid 
erosion a plastic masking tape is used. 

After this cycle parts are ready for mechanical 
cleaning: 

1. Cloth masking tape is applied over sections 

where rough surface is undesirable. 

2. Parts are sandblasted with 60 to 80 mesh 
abrasive at pressure not exceeding 40 Ib. 
per sq. in 

The most satisfactory abrasives are garnet 
sand, where regulations permit its use or alter- 
natively bauxilite where garnet is prohibited. 

The degree of blasting required is determined 
by visual inspection. The operator is greatly 
assisted in ensuring complete and adequate blast- 
ing by the light golden oxide film formed on the 
work in the flash ‘neutralisation cycle preceding 
the sand blast. 

At all stages following the de-greaser, parts 
should be handled with rubber gloves. Wherever 
possible operators should avoid touching sur- 
faces to be coated even with the protected hand. 
All contact with metals other than those of the 
nickel-chrome alloy group should also be 
avoid. Contamination of the blasting grit is 
another possible source of trouble and in no 
circumstances should metals other than those 
being coated be cleaned with the sandblast equip- 
ment. 

The coating material is milled from a frit with 
clay and water additions to produce a conven- 
tional type of slip. In some cases an electrolyte 
is used, as also are additions of refractory 
materials as in the example mill addition for 
N.B.S. coating A.418 given here. 

332 Frit 70 per cent 

Chromic oxide (commercial) 30 ,, 

Enamellers clay... jv 5 

Water abe 4B us. 2s 
Milling fineness—race to 0.4 ‘gm. residue on 
a 200-mesh sieve from 50 ml. sample of slip. 
Milling is done in a porcelain-lined mill loaded 
with porcelain grinding balls. 

As has been stated earlier in this paper, appli- 
cation is by methods commonly used in vitreous 
enamelling. 

Since however all parts are designed from a 
purely functional viewpoint and sizes vary con- 
siderably, the actual application presents 
problems of appreciable proportions. 

Where possible, coating is done by dipping 
and draining but with weights of application in 
the range, 7 gm. per sq. ft. dry weight on both 
sides of the plate to 28 gm. per sq. ft., giving a 
fired thickness of 0.0005 to 0.002 in., particular 
attention must be given to drain, runs and bead 
formation and removal. 

The most commonly used alternative to dip 
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ping is spraying. In many instances special 
equipment for holding, manipulaing and spray- 
ing the job both internally and externally is 
necessary. A very high degree of operator skill 
is required in applying the material by spraying 
since the very narrow thickness limits which ap- 
ply to dipping also apply to spray application. In 
addition the extreme thinness of coating applied, 
together with a high viscosity at maturing 
temperatures, preclude any flow or smoothing 
out in firing, so that a smooth continuous coating 
demands a very high standard of spraying. 

Following on the actual application of the 
material, is a drying cycle identical with that 
normally employed in enamelling. The dry 
biscuit is very fragile and great care is once more 
required in handling parts. At this stage any 
masking material applied to portions to be kept 
free of coating is removed, and any brushing 
off required is likewise carried out. Brushing 
techniques and materials, while largely governed 
by sizes and shapes of components being 
handled, are generally very similar to those 
familiar to enamellers. 

After drying and brushing, parts are fired in 
a muffle-type furnace. Temperatures range from 
880°C. for mild steel, up to 1,025°C. for the 
more refractory types of alloy-teel coatings. 
Times range from 10 minutes to 45 minutes, 
depending on the coating formulation, the alloy 
of which the part is made and the size and nature 
of the part. When fired, the parts are removed 
from the furnace, cooled in air and are then 
ready for inspection. 

Furnace tooling in common with all preceding 
stages requires its share of more than normal 
attention. In cases where single components of 
comparatively small size are being processed, as 
for example piston engine exhaust system pipes, 
distortion is not a serious problem although con- 
siderable ingenuity may be required in avoiding 
marking of intricate shapes which must be flaw- 
less inside and out. 

In the case of large units which may be fabri- 
cated from light-gauge sheet combined with 
heavy flanges in cast material or machined from 
plate, adequate support is essential if the units 
are to fit into their final assemblies after pro- 
cessing. 

The selection of an appropriate coating and 
the thickness at which it is to be applied, whether 
on mild steel or alloy, is governed by the service 
conditions for which the finished component is 
intended. 

For example, an aircraft component where 
high thermal shock and mechanical shock con- 
ditions are likely to be encountered will call for 
a thin coating to give protection at temperatures 
which may vary from — 20 or — 30°C. up to + 








700 or 800°C., it.must thus be able to withstang 
very rapid rises in temperature and sustaing 
high temperature operation. In addition the cog. 
ing must have sufficiently good adherence jp 
withstand finish machining operations on areas 
adjacent to or on the coated section itself. Th 
thermal shock resistance must be such that the 
coating will remain in intimate contact with the 
metal on repeated sudden quenchings from the 
maximum operating temperatures. It must alg 
be impervious to the attack of the products of 
combustion, prevent oxidation of the base metal 
and remain static under the flow of high velocity 
hot gases. On the other hand a cooling coil for 
use in a molten zinc bath calls for flawless sur. 
face, heat resistance and resistance to the cor 
rosive action of the molten metal. For this 
purpose, to ensure absolute continuity of coating, 
up to 3 coats to a maximum thickness of 0.015 
in. are employed. 

In order to ensure satisfactory service under 
very severe conditions a series of standard tests 
are carried out on each smelt of frit, milling of 
slip and processing batch of components. These 
tests are the laboratory checks on materials and 
on the actual process. The following is the test 
procedure for the Solaramic coating used on 
nickel-chrome alloy steels. 

1. Oxidation Resistance: In the standardized 
test, procedure a sample tablet is weighed, then 
heated to 1,000°C. for two hours, then cooled 
and weighed again. The gain in weight does not 
exceed 0.05 per cent. 

2. Thermal Shock Resistance: A sample tablet 
is heated in a furnace to between 930 and 960°C, 
then it is removed and dropped immediately into 
cold water. This is repeated 9 times. At the 
conclusion of the test no base metal must be 
exposed. 

3. Adherence: A coated test-piece is bent 
through 180 deg. over a rod of diameter equal 
to 3 times the gauge of the test-piece. Apart 
from a small area at the edges, the coating on 
the convex side is intact while on the concave 
a trace of the coating remains. 

The inspection of coated parts is carried out 
by a visual examination. This, while providing 
a useful check on continuity of coating and the 
application does not determine the quality of the 
coated part. 

Testing of actual components is the most satis 
factory method for checking the metal prepara 
tion and processing but it is also very expensive 
and the part tested must be sacrificed. Becaust 
of this, simulated-type tests and rigid controls 
at all stages of the operation aré employed. Test 
pieces are prepared at pre-determined intervals 
and the full range of tests for oxidation and 
(Continued in page 60) 
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Some Suggested Methods for 
REDUCING COSTS AND 


e INCREASING OUTPUT 





PAINTING OF 
MACHINE TOOLS 


in the 





By 
B. VAN DER BRUGGEN 


HE relatively high expenditure of materials 
Tiana labour normally necessary for the 
painting and lacquering of machine tools, is only 
partly due to the high standard of appearance 
required for such machines, or to the surface 
roughness of the iron castings which form ‘the 
major part of the components. 

The decisive factor in keeping lacquering costs 
within reasonable limits is usually the processing 
of the work in the painting shop; in the construc- 
tion of machine tools, this is principally influenced 


The surface condition of the work-pieces ; 

The nature of the paints used; 

The drying of the paint coatings; 

The method of application of the paint; 

The conveyance and handling of the work- 
pieces. 


1. The Condition of the Surface of the Work 
Piece 

Where working surfaces have been previously 
protected from rusting, by a ground coat of paint, 
and dust, oil and soda (during machining) cannot 
penetrate the pores of the cast surface, the surface 
cleaning necessary in the painting shop becomes 
substantially less important in its effect on 
fabrication time. The nature of the surface—i.e., 
its smoothness or otherwise, as also its flatness or 
otherwise, influence the number of coats to be 
applied, and hence, also, the consumption, or, at 
least, the time required for application and 
drying of the paint. 

The quality of the castings supplied by the 





"Reprinted from Werkstattstechnik und Maschinenbau, vol. 45, No. 6, 
1955, pp. 280-284. 


foundry and consequently the amount of fettling 
to be done also has a decisive influence on the 
form and condition of the cast surfaces. The 
treatment of clean-cast, finely porous and 
properly fettled pieces will always be cheaper for 
the painting shop. The influence of surface 
condition on subsequent painting is shown in 
Table 1. 


2. The Nature of the Paints Used 
The nature of the paints used, their working 
properties, covering power and drying time will 
determine the number of coats to be applied, the 


TABLE I 


Relationship between number of coats and condition of 
surface of the work. 


Coating structure for a 
machine tool (Automatic 
_ lathe bedplate) condition of work 
Work sequence per part Rough Fine grain 
1 Cleaning — 

2 Priming 

0 Drying 

3 Filling 

0 Drying 

3a Filling (puttying) 

0 Drying (intermediate rub- 
down) 

3b Filling (spraying) 

Drying 

Rubbing down 

Ground coating 

Drying 

Rubbing down, 

Enamelling 

Drying 

Work sequence on machine 

8 Making good filler/rub- 
ing down 

0 Drying 

9 Enamelling 

0 Drying 


No. of coats 
according to surface 


lrl el 
| om] me] md 


Jom} temd de 
[aI Jeldl 


Conancusto 


elwl | 
al—l | 


Total 
Material: Grey iron castings. 
Paints: In both cases on oil-synthetic resin base. 
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CAST SURFACE 
(ROUGH) 


PRIMING 


FILLER FIRST COAT 


Fig. 1.—Comparison of two coating sequences on different 
basis. The covering power of the individual coatings 
(content of solids in paint) decisively influences material 
consumption and labour expenditure. 

{a) Oil/synthetic resin vehicle with about 50% solids; 
(b) Cellulose vehicle with about 30% solids. 


consumption of the naterial and the working and 
drying times. 

The variation in the number of coats required, 
even on surfaces of identical form, is clearly 
shown in Table II. If only full covering pigments 
in an oil or synthetic vehicle are used, only 7 coats 
may be required, compared with 10 to 11 coats 
of a paint—admittedly quicker-drying—on a 
cellulose base (Fig. 1). Drying conditions may 
often compel the use of paints with inferior 
covering power. 

The structure of the final paint film must bear 
due relation to the stresses to be encountered by 
the paint on a machine tool in service. The 
following list gives the characteristics of two, 
different paint vehicles: 


Properties and Influence of Pigment 
Ground-coat adhesion 

surface 
Usually small 
Generally low 


Covering power of coats 
Elasticity of the film 
Reistance to mechanical action 


Resistance to oil and soda solution 


Drying time of films 

Labour required 

Material consumption 

Drying surface required (temperature) 


Short 
Greater 
Higher 
Less 
The build-up of the paint coatings for a 

machine tool can be either a combination of 
different pigments and vehicle types, or can 
consist entirely of coatings on the same material 
basis. An essential distincton can be made 
between the following three types: 

(a) Paints on an oil synthetic-resin base; 

(b) Paints on an oil cellulose synthetic-resin 

base; 
(c) Cellulose-base paints. 


Cellulose vehicle 
Only good on completely clean 


Enamel scratchproof. 
sensitive to impact 
Generally very good 


TABLE II 


Number of coats according to nature (covering Power) 
paint used. 


‘Coating structure for a 
machine tool (lathe) 
Work sequence per part 
1 Cleaning 
rg 
Dryi 
Fill a 
Drying 
3a Filling 
0 Drying 
3b Filling 
Drying 
Rubbing down - 
Ground coating 
Drying 
Rubbing down 
ling 
Drying 
Work sequence on machine: 
: Filling and rubbing down 


No. of coats 
according to base 


Oil resin  Cellullog 


bel —l 


[ml telJ—-l-J-l-! 


bef tlol i —t 


Drying 
9 aden 
0 Drying 


ae 


Total 


Material: grey iron castings, 
identical shape. 


These types are, in practice, not always striclly 
defined, and materials on different bases are often 
combined, not only on account of their coating 
properties, but often, and extensively, in cor 
sideration of their working properties ; in addition, 
but less desirably, for the convenience unde 
existing, particular working conditions. 

The types of materials used, and the co 
sequent structure of the paint film should neverke 
selected exclusively with reference to available 
equipment, drying characteristics, setting dow 
space, surrounding conditions, etc., so ds 


Oil synthetic resin vehicle 
Generally good 


Usually good 

Generally high 

Enamel _scratchproof. 
generally less sensitive 

Good for synthetic resin enamek. 
Otherwise limited 

Longer 

Less 

Lower 

Greater 


regarding consideration of the suitability forth 
intended purpose, or economy. 


Structure Structure 


3. Drying of Paint Coatings 
If drying has to be conducted at unsuitable 
room temperatures,—e.g. in large shops, or if, in 
drying small parts, any increase of the surrounding 
temperature is impracticable, the drying times 
the individual paint coatings may consi 
influence the total treatment time in the painling 
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TABLE III 

int coatings at shop temperature and with 
accelerated drying. 

Coating structure for a 
machine tool (lathe bed) 16-18°C. 35-40°C. 
Sequence of work on the part hours hours 
1 Cleaning 82 e 
2 Priming — oe 
0 Drying 10-12 6-7 
3 Filling 
0 Drying 
ja Filling 
0 Drying 
3b Filling — 
Drying 6-8 
Rubbing down 
First coating 


Drying times 


6-8 2.4 


6-8 3-4 


Drying 
Rubbing down 
Enamelling 


0 
4 
5 
0 
6 
7 
0 


Sequence of work on machine: 
8 Making good and rub- 
bing down 


0 Drying — 
9 Enamelling 


4-6 2-3 

12-14 8-9 
Total drying time 58-74 34-42 

Painting materials: oil/synthetic resin vehicle 

Work surface: all same shape. 


shop. If, in selecting the paint materials, as weil 
as in application and coating thickness, due 
regard is not paid to the prevailing room tem- 
peratures, the cost of treatment will inevitably 
increase. The drying time required after applying 
each coat will principally determine the total 
treatment time. 

The painting schedules suggested in Table III. 
compare the drying times for identical materials 
at different ambient temperatures. Accelerated 
drying at a mean temperature of some 37°C 
(98.6°F), is about 40 per cent shorter than that at 
I7°C (62.6°F), thus it is possible to use paints 
with a higher covering power and, with longer 
normal drying times, so giving increased economy 
in use. 


4. Methods of Paint Application 
Since, for each painting sequence, 4 to 5 coats 
of high-covering-power paint have to be sprayed 
or brushed on, even the relatively short times 
needed for each coat add up to an appreciable 
total. This is particularly the case in the usually 
unsuitable method of application by brushing; 
which only provides better adhesion of the ground 
coat on heavily soiled working surfaces; only 
when pieces of some particular shapes require 
treatment, will it be found to offer any 
advantages. . 
Application by hand brushing is, however, still 
00 often used; principally, in the desire to avoid 
tamsport costs, or where proper spraying equip- 


TABLE IV 


Painting times related to method of application (brushing, 
spraying). 
Coating structure for a 
machine tool (automatic 
lathe bed) 

Work sequence on part 
Cleaning 
Priming 1 
Drying oo 
Filling — 
Drying -— 


Working time for 
Brushing Spraying 
(min.) (min.) 


| 


Y 
w 
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Filling 
Drying 
Filling 
Drying ‘ —— 
Rubbing down — 
First coating 16-17 
Drying —- 
Rubbing down : — 
Enamelling 5 17-18 
Drying ‘ a 
Work sequence on machine:% 
Making good and rub- 

bing down -— 


Drying _ whi 
Enamelling 18-19 4-44 
Drying ~~ = 

Total time 84-90 174-203 
Painting materials: identical in b ‘th cases. 
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ment is not available. Ap: *t from special cases 
(excessive amount of sh ‘ding required, or 
simultaneous mechanical tr ent), it is usually 
the lack of equipment, .sitable conveying 
arrangements, or proper or; zation of the work, 
which cause the time saving. ainable by rational 
spraying methods to be neglec:ed or ignored. 
The actual amount of time which can be saved 
by spraying instead of brushing is made evident 
from Table IV. With suitable equipment, 
spraying can appreciably reduce conveying and 
handling times. The high performance and easy 
mobility of paint spray guns without feeder cups, 
to which the paint is fed under pressure, and even 
suitably heated, nowadays enable rapid and 
thorough application of perfectly uniform coat- 
ings, whether of primer, sprayed filler, or enamel. 


5. Conveyance and Handling of the Pieces 

The multiplicity of operations in machinery 
painting and lacquering often requires a similarly 
great number of operations in transporting and 
handling the work-pieces, if the advantages of 
spray painting and quick drying are to be fully 
utilized. 

It often happens that the amount of handling 
required unfavourably affects the time saving 
obtained by spraying and quick drying. Hence, 
the amount of handling, often entailing laborious 
moving of machines and machinery parts, must 
be kept as low as possible. For instance, if a 
special pedestal truck is used instead of a lifting 
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Fig. 2.—Handling Operations for a Lathe Bed (Automatic) 
conveyed to spraying point. 
H—lift truck ; F—spraying cubicle. 


truck, for handling machine bases, handling time 
can be reduced by as much as 54 per cent. 

In the case of castings of medium weight, it is 
often necessary to consider leaving them in 
position during the process, or face the prospect 
of extensive handling operations and consequent 
loss of time. Only by relieving the personnel of 
unnecessary handling is it possible to develop the 
full effect of the labour force in the proper, 
manual effort: cleaning, filling, sanding, etc. 

The decision whether to process a work-piece 
in situ, Or move it, at least for paint application 
and drying, to the appropriate equipment, will 
depend on the nature of the work-piece and the 
availability of conveying and handling equipment. 

In machine-tool building, work-pieces of the 
following three kinds usually have to be dealt with: 

(a) Small parts, e.g. levers, drive casings, etc., 
which are sufficiently mobile; 

(b) Parts of medium and considerable weight, 
and small, complete machines; e.g., bed- 
plates and sumps for lathes, which are 
relatively heavy, but still mobile; 

(c) Large and heavy machine parts, as well as 
complete machines of different kinds— 
high-speed lathes, large drills, etc..—which 
are difficult to handle. 

Although a separate production flow for 
painting machine tools is only possible for small 
parts, partial flow production can be arranged 
also for the medium and heavier pieces, if 


TABLE V 


Analysis of Handling time for a cast-iron bedplate, 300 kg. 
weight (6 cwt.). 


Operation Time, 
secs. 
Bringing lift truck 10 
Positioning lift truck 10 
Raising bedplate (underrunning 
truck) 15 
Moving load to spraying point 40 
Lowering bedplate (running out 
truck) 10 
Removing truck 15 
Total handling time 100 
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Fig. 3.—Plan view of a paint shop for automatic lathes, The 
shop is arranged for separate treatment of heavy parts such 
as pedestals and beds, and light parts such as levers, ep, 
Pedestal set down on truck. 

Spray for priming and first coat. 

Area for filling and rubbing down. 

Path of work to enamelling spray. 

Tier truck for small parts (levers, etc.). 

Rubbing down benches for the same. 

Drying room, open both sides, for 60-70°C. 

Spray for small parts (enamelling). 
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sufficient numbers are available. Usually, 
arrangements are limited to locating the pro 
cessing points according to the fabrication 
sequence, in order to bring the amount of 


Fig. 4.—Plan and end elevation of shop for treating ond 
setting down heavy pieces to be sprayed in place. 
1. Ventilating duct. 

Exhauster with discharge duct. 

Crane. 

Hot-air duct. 

Castings set down. 

Paint-mist exhauster. 





_7 - 


44 
») Oe oe q 
- OF ae 


‘AAC RA 



































S-BREBTE= ££ 


I rar 








Usually, 
he pro- 
Tication 
unt of 


iting and 


—2 


5 


—6 


ats 


february, 1956 





fig. §—Layout of a painting plant for 
machine tools (high-speed lathes), 
linked with assembly line or test stand. 
This shop handles making good paint- 
work (single piece treatment before 
assembly) as 


well as finishing 


lacquering). 
t Surface cleaning, filling, rubbing 











down. i 
2, 1-2 paint coatings on prepared — 


ry 





(covered) machines. 

3, Accelerated drying at 50-70°C. 

4, Preparation area; machines are on 
tracks or set down on floor. 

5, Turntable with rail tracks. 

6. Paint spraying cubicle with two 
air-cleaning units. 

1, Dust-free,ventilateddrying rooms. 


handling necessary into a suitable relationship to 
the results obtained. 

If that is not possible, it may be necessary to 
consider whether to provide fixed or portable 
paint sprays and drying accelerators at the location 
of the work pieces remaining in situ. The 
climination of any handling of the work between 
consecutive operations, with the use of high-duty 
spraying and drying apparatus, can result in 
considerable economies. Such methods are still 
too infrequently used. 

The following illustrations give examples of 
conveying and handling installations and equip- 
ment layout, with their advantages and dis- 
advantages. 

Fig. 2 shows the uneconomical arrangement 
of a lifting truck for handling bedplates. The 
handling times are analyzed in Table V. Removal 
of the piece from the spraying cubicle took about 
2 min. 20 seconds, since the fresh coat of paint 
called for careful handling. The average handling 
time was 4 minutes per bedplate. The paint 
spraying time averaged 34 minutes. The ratio of 
handling time to painting time is thus highly 
unfavourable. - Since brush application’ would 
require about 16 minutes, there was still an 
overall saving in time. These 84 minutes gained 
become illusory, however, if handling to the 
drying equipment is added, or if the truck 
Operator is required to wait while the paint is 
being applied. 

A more suitable solution is shown in Fig. 3. 
With a reduced amount of handling, the efficiency 
of the spraying and quick-drying equipment is 
fully utilized. 

The time and labour of handling heavy pieces 
by crane can nullify the time saving by spraying 
Only an exact analysis of all times and costs can 
show whether brush application in situ would be 
preferable, or equivalent. 

A solution of the handling problem, i.e., the 
moving of pieces between operations, simul- 
taneously with the paint application problem, in a 














highly economical manner, is illustrated by 
Fig. 4. This installation enables spraying to be 
done in any part of the shop. If the shop is of 
suitable size, drying accelerators can be used as 
well. The number and nature of the pieces to be 
handled, the attainable processing times, and 
hence the daily output, will determine whether 
the first cost and power consumption of such an 
installation are justifiable. 

Another machine painting sequence in which 
the machines are run through the painting shop 
is shown in Fig. 5. For proper dimensioning of 
such an installation, the preparation times, 
painting times, and drying times, must be care- 
fully analyzed and determined in advance. Since 
the machines enter the spray cubicles already 
prepared for painting, spraying times are short, 
and the daily throughput high. The arrangement 

(Continued in page 68) 









Fig. 6.—Travelling spraying tunnel for painting heavy 
machine tools. The tunnel runs on rails in a suitably 
arranged assembly shop. 

1. Paint mist exhauster. 

2. Louvres for interchangeable exhausting. 

3. Paint mist washer. 

4. Machine tool. 
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The Treatment of Aluminium Body Panels 
(Continued from page 50) 


Each of the three sump tanks carrying the 
solution and washes is fitted with heating coil(s) 
to raise the particular solution to the desired 
temperature, the coils being thermostatically 
controlled and served from the high pressure hot 
water factory process mains. The tanks are 
provided with necessary quickfill connections, 
overflows, etc. Suitable control valves, pressure 
gauges and thermometers are fitted to the tanks. 

The spraying of ihe solutions is effected through 
nozzles arranged on adjustable mountings to 
ensure full coverage of the work and fitted at 
12-in. staggered pitch throughout the length and 
height of the enclosures. The spray nozzles are 
connected by means of a suitable range of pipe- 
work to centrifugal motorized pumps, the capaci- 
ties being 300 gal. per min., 150 gal. per min. and 
150 gal. per min. for Stages I, II, and III respec- 
tively. 

Vent stacks are fitted to provide for removal 
of steam from the enclosures. 

The materials used in the construction of the 
plant are mild steel and F.M.B. quality stainless 
steel. Briefly, all sections which come in contact 
with “‘Alocrom” solution, i.e. those in and ad- 
jacent to Stage I, must, on the inside fabrication 
of the plant, be of acid-resisting material, but this 
must not be of lead, rubber or glass.’ Thus, the 
entry vestibule to Stage I, the ““Alocrom”’ spray 
section and the drain section to this Stage, 
together with the ““Alocrom” tank, pump, and all 
pipes and jets must be in stainless steel. These 
remarks apply only, of course, to inner sections 
which are in contact with the “Alocrom”’ solution 
or its washes. All remaining sections are in 
mild steel. 


Drying 

Drying is carried out in a dry-off oven supplied 
by H. R. Noble Ltd., situated after the hot water 
rinse. It has inner dimensions of 4 ft. 6 in. 
long x 9 ft. 8 in. high x 4 ft. wide and provides 
for a drying time of 6.2 minutes at a maximum 
stoving temperature of 300° F. The oven is of 
the forced convection type, is fitted for direct 
town’s gas firing and comprises a steelwork frame 
with 3 in. thick insulated panelling, mounted on 
sides, roof and floor. It is of the straight-through 
type and has built-in air seals at either end to 
reduce to a minimum any leakage of heat into the 
surrounding area. 

The heating source is a brick-lined combustion 
chamber, connected by a ducting system to a 
centrifugal fan handling 8,500 cu. ft. of air per 
minute. The fan discharges air through an 
extended ductwork system into the lower level of 


the oven. Of the air supplied to the oven, 80 pe 
cent is recirculated, thus achieving a maximyp 
air movement over the work in order to obtaig 
optimum drying conditions. Automatic tem. 
perature control and flame failure equipmeni js 
incorporated in the burner system to the com. 
bustion chamber. 

The efficiency of the drying operation, however, 
is not confined to satisfactory heating. i 
the introduction of drainage holes (al 
mentioned), it has been found, owing to the form 
of the Land Rover body, that some water tends 
to be trapped in certain sections. To effey 
removal, provision has been made between the 
spraying enclosures and the drying-off oven for 
this water to be driven off by means of a fixed 
air-blast. 

Conclusion 


It is apparent that the plant installed by the 
Rover Co. Ltd., for treatment of their Land 
Rover light-alloy bodies and panels has made it 
possible to achieve high production speeds 
without sacrifice of corrosion resistance or paint 
adhesion. The design of the plant has been 
determined by production requirements and the 
whole assembly appears to reduce any possible 
health hazards to a minimum. 
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CERAMIC COATINGS FOR USE AT HIGH 
TEMPERATURES. 


(Continued from page 54) 


thermal shock resistance and adherence are 
carried out. Since the material in use has passed 
this control prior to release to the processing 
department this last series constitutes a check on 
the shop practice. It is only by means of these 
stringent tests combined with close supervision 
of all stages of the operation that consistent high 
standards and consequent satisfactory perfor- 
mance can be ensured. 

Much progress has been made in this com 
paratively new field of metal protection and the 
range of uses has been appreciably extended. 
There are undoubtedly many further applications 
where the properties of resistance to high tem- 
peratures and corosive attack combined with 
a high degree of resistance to thermal and 
mechanical shock will be of value. 
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The Establishment of 
STANDARDS OF QUALITY 


for Vitreous-Enamelled Ware 
by J. M. WISTENBURG 


A Paper presented to the 2nd International Enamelling Congress, Leamington Spa. 


Summary 


This paper deals with the practical usefulness of 
standards of quality: 
|. as a means of guaranteeing to the customer a 
constant, fixed quality ; 
.as a source of detailed information for 
statistical quality control; 
. as a means of comparing the quality of the 
home product with that of other manufacturers ; 
. as a means of judging the qualitative pro- 
duction results in the long run without any 
idealizing. 
A method is suggested for the setting up of 
standards of quality and for providing a suitable 
system of information. 


HE quality of a product is determined by the 
ees or absence of definite properties. 
Mainly, these will be essential properties without 
which the product becomes inferior, from the 
functional point of view. 

To ensure quality, products must be given the 
essential properties to the right degree, but the 
presence or absence of these qualities will not 
always be apparent to the customer. 

The more ignorant the customer is of these 
essential qualities, the more inclined will he be to 
use his own subjective standards of quality. For 
example, in the case of radios, vacuum cleaners, 
refrigerators, etc., he will judge the article from 
the outside, as it were; shape, finish, etc., because 
he cannot judge its essential qualities. And if he 
is pleased with the appearance of an article, he 
will take it for granted that the manufacturer has 
given the necessary attention to the essential 
qualities. On the other hand if the appearance 
does not please him he is no longer interested. 

Knowing this, a manufacturer has to give a 
dual consideration to the outward appearance of 
his products in specifying the required quality 
passed on to the production departments. 

In this paper the standards of quality in the 
finish will be dealt with. 

Itis not easy to form an opinion, just by looking 
ata product, whether it possesses stated qualities, 
and to what extent these are present, if they are 

it to express in measurable terms. As the 


numbec of these properties and their influence on 
the quality increases so the decision “ good ”’ or 
** bad ”’ will vary and will become more difficult, 
more personal and more open to dispute. 

As proof of this two examples may be quoted. 

Fig. 1 illustrates the result of the following test. 
Three male experts individually and independently 
of one another sorted 100 pans on their outward 
appearance. The pans were of the same make, 
the same size and the same colour. The standards 
of quality used were: excellent, good and moder- 
ate, without further qualification. The results 
showed only 25 per cent agreement as to quality. 

The same 100 pans were sorted at intervals of a 
few days by an experienced sorter, and according 
to the same standards of quality. The result of 
this is shown in Fig. 2. Only 42, that is less than 
half the pans, received the same classification four 
times. 

In order to get an idea to what extent the sorter 
was influenced by impressions, a number of pans 
of moderate quality were added as dummies, 
at the third sorting, and, at the 4th sorting, a 
number of pans of excellent quality, also as 
dummies. 

From the result it could clearly be seen that at 
the third sorting, of the predominantly moderate 
quality pans, he selected without due precision: he 
looked for the good ones. And at the 4th sorting, 
of the predominantly excellent pans, he selected 
rigorously: he looked for the bad ones. 

The conclusion may be drawn from these two 
tests that selecting on such vague standards is 
useless : 

1. as a means of supplying consistent quality 

to the customer, 

2. as an aspect of quality control. 

On the other hand, as soon as one can decide 
with measuring instruments that the qualities of a 
product either are or are not up to the acknow- 
ledged essential standards, the conclusion “good” 
or “ faulty” in principle becomes indisputable. 

The decision of the inspector, who, by means of 
suitable measuring instruments measures the 
diameter of a number of axles and rejects those 
below standard, is objective, accepted as evidence 
and a valuable part of quality control. 
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Fig. |.— Visual selection of \00 pans by 3 experts individually. 
Classes of quality: Excellent - good - moderate. 


This leads inevitably to the conclusion that 
every means possible must be sought to make 
subjective criteria into objective ones, by setting 
up standards of quality which are measurable, 
capable of being compared, unequivocal and 
which consequently are of general application. 

As an example of how to do this, there follows a 
description of the method used by DRU for the 
selection of bath tubs and out of which a system 
has developed that has already, for 3 years, proved 
its usefulness in the following ways: 

1. a means of guaranteeing to the customer a 

constant quality, 

2. a source of detailed information for statisti- 
cal quality control, 

3. a means of comparing the quality of the 
home product with that of other manu- 
facturers, 

4. ameans of judging the qualitative production 
results in the long run without idealizing. 

This was started by taking stock of possible 
faults and standardizing them by name and defini- 
tion. As a result, it became possible to discuss 
these faults without being at cross purposes. 
(See Figs. 3 and 4.) 

Then an investigation was held where the 
chemical engineers, technical advisers and sales 
managers were asked to give their opinion about 
each fault. 

The questions posed to chemical engineers and 
technical advisers were: 

What is the chemical/technical consequence of 
this fault? What is the cost of preventing this 
fault? 

And to sales managers: 

What is the commercial consequence of this 
fault? 

Does the goodwill decrease through it? 

Is one compelled to give discount? 

What per cent? etc. 

A unit of fault was also chosen and used—e.g. a 
hairline with a length of 35 mm.—and it was asked 
whether a difference existed and if so, what 
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Fig. 2.—Visual selection of 100 pans, four times by sam 
experienced selector ogy through addition of: moderate 
dummies to third selection, excellent dummies to founh 
selection. 
Classes of quality: Excellent - good - moderate, 


difference in value if the fault existed on the rim, 
at the base or on the walls respectively, or, if 
some of the faults were spread over the tub or 
appeared concentrated on a certain part of the 
surface. 

As could be anticipated, the result of th 
investigation was a collection of varying opinions. 

The opinions of the chemical engineers and 
technical advisers appeared to be made mainly 
from the functional point of view, e.g., one can 
take a bath equally well in a bath tub with a fault 
in its appearance as in a bath tub without one. 
This reaction is easily explained, but does under- 
line the necessity of giving well-specified standards 
of quality concerning the finish to the production 
departments. 

Significant differences appeared to exist among 
the opinions of the sales managers of various 
countries. What was by country “ A”’ accepted 
as very important, was by country “ B” consié- 
ered unimportant, and vice versa. 

Consequently, the investigation did not provide 
any directly usable material. An advantage, 
not to be underestimated, of this investigation 
was that each interested individual had co 
operated. So that the final standards of quality 
therefore became an inter-related function which 
formed a guarantee of the vitality of these stand 
ards. 

On account of opinions varying so much, 4 
round-table discussion was impossible, therefore 
the quality department was instructed to produce 
a compromise. Each fault was discussed with 
each one of the conferring members, and al 
faults were mutually weighed up. 

The chemical engineers and technical advisers 
were also asked not only to judge the faults from 
a functional angle, but also from the customer's 
point of view. With the sales managers, on the 
other hand, the question as to how many com 
plaints had been received over the last few years 
about the faults, and how much discount given as 
a result, was very enlightening. 

Through this examination such standards of 
quality resulted, that out of 18 possible faults, 
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Fig, 3.—Definition of flaws and blemishes 
in bath tubs. 




















17 became measurable and | comparable. An 
example of this is seen in Fig. 5. Fig. 4.—Standard names and definitions. 
The bath tubs were selected on this basis for 
about two months concurrent with the existing 
system, which remained the valid one. Through | SPECKS. 
this, enough information was obtained to show 
the management the results of the new standards 
of quality. During this trial period, the inspection 
card was developed which is shown in Figs. 6 and 7. 
With the introduction of the new standards of 
quality and the inspection card it became possible 
to guarantee a constant quality to customers, 
because the function of the inspector of the 
finished product becomes in fact a different one. PIN HOLE 
His own personal and subjective opinion, depend- A SMALL HOLE PRODUCED 
ent upon irrelevant circumstances, is no longer 
asked for. His new instruction is this, that he 
must ascertain whether a certain fault exists and 
ifso, to what degree. Then he must punch a little 
hole in the right part of the column of the card. 
turning over the inspection card one can see by 





| GREY OR BLACK SPOTS 
PRODUCED BY PARTICLES 
OF FOREIGN MATTER. 





MOSTLY BY A SLIGHT PIT 
OR HOLE IN THE CASTING 
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Fig. 5.—Standards of the inspection for bathtubs. 


a very simple process—see Fig. 7—to which class 
of quality the tub belongs, according to the 
standards fixed by the management. 

This method of inspection does not take up 
any more time than the previous one, viz.: a 
maximum of two minutes. 

Customers are told how a tub receives its 
selected quality class, and also that the inspection 
cards are retained in a file, so that if complaints 
occur the card can be produced. It has been 
proved that this gives a good deterrent against 
superfluous complaints. 

By marking down on the inspection card the 
details concerning the manufacture of the 
specified tub, the inspection card became a 
source of information for the statistical quality 
control. (See Fig. 8.). 

This can be illustrated by two examples. 

It was known that a relation existed between 
the quality of the tubs and the interval of time 
between casting and enamelling, but the exact 
relation was not known. With the aid of the 
inspection card it proved possible to determine that 
this interval of time should not exceed 14 days. 
This is brought out in Fig. 9. 

This resulted from calculating the relationship 
between one phase of manufacture and the overall 
quality, but also other investigations became 
possible. 

For the appearance of the fault “‘ specks ” two 
explanations were possible at a certain moment; 

(a) the dust filters of the ventilators, which are 

responsible for maintaining the pressure in 
the enamelling factory higher than that of 
the atmosphere, were not soon enough or 
not well enough renewed. 

(b) the prong used to place the red-hot tub in 


the muffle furnace, through rubbing againg 
the rough wall of the tub causes little dyy 
clouds, which settle on the rims and cay 
specks there. 

The filters appeared to have been renewed iy 
time and the technical service stated that this wa 
also done efficiently. The prong had been usediy 
the same form for more than 10 years. 

First, however, new filters were installed an 
careful watch was kept over their erection, 
The result was a small reduction of the fay} 
““ specks”; the frequency average fell from 14) 
to 1.40 (see Fig. 10). 

Then oven 10 was provided with a new prongof 
different shape. In oven 9 the ald prong wa 
retained. The result was a decline of the specks on 
the tubs which had been put in the muffle furnag 
by the new prong to 1.12 while with the old prom 
of oven 9 the frequency average remained a 
1.40 

After providing oven 9, with a prong of new 
shape, the frequency average declined to 1.12 too, 

Analyzing in this way, one soon graduates ftom 
guess-work to certainty. The feeling in the finger 
tips gives way to reason and calculated working 
The result of this can be seen in Fig. 11; aftera 
very steep decline in established quality, with the 
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Fig. 6—(above). Inspection card front view. 
Fig. 7—(below). Inspection card back view. 
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fig. 8.—Inspection card as source of information for statistic 
quality control. 


introduction of new quality standards, more 
demanding than the old, the quality rose con- 
siderably in a year and a half. 

Apart from the two main advantages, there are 

two others. 

1. The possibility of systematic comparison of 
the quality of the home product with others 
whereby an opinion can be formed, not only 
of the differences in the quality as a whole 
but also about the different individual 
factors which determine quality. For 
example: 

Specks in the home product = X per cent 
Specks in the product of another. manu- 
facturer = Y per cent. 

2. The possibility of being able to judge the 
qualitative production results in the long 
run without any idealizing. 


Fig. 9:—Relation between quality and length of period 
between casting and enamelling ; maximumallowable 14 days. 
jo 


100 QUALITY 





90— “SA MODERATE 
80— > 


704 





| 

' 
yyy yy 

} 

Gy 


f >>> EXCELLENT 
T T T 
56 7410 a1 15.18 19-22 23.26 27-30 DAYS 








RELATION BETWEEN QUALITY AND TIME OF CASTING 


TO ENAMELING — MAXIMUM ALLOWABLE I4 DAYS. 


AVERAGE OF FAULT MARKS FOR SPECKS 








22/0-7/I1 9/ii— 28/11 30/ii—21/12 
VENTILATOR VENTILATOR | | NEW 
WITH OLD WITH NEW PRONG 


GLASS WOOL GLASS WOOL OVEN 10 


OLD OLD OLD 
PRONGS PRONGS PRONG 
OVEN 9+10 OVEN 9+10 OVEN 9 




















Fig. 10.—Reduction in frequency of occurrence of specks 


after installation of new filters. 


(a) This is very important because without a 
systematic selection according to ack- 
nowledged standards of quality one does 
indeed notice a rapid incline or decline in 
quality; a slow incline or decline is not 
noticed. 

(b) If the quality demands become heavier or 
lighter, comparison at any time, with the 
earlier qualitative production results is 
impossible if they are not filed up in 
measurable terms. 


Fig. 11.—Reduction in frequency of occurrence of specks 


after modification of furnace prong. 
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DISCUSSION 


Mr. J. BERNSTEIN (Simplex Electric Co. -Ltd.) 
referring to quality control said that if inspection 
was good more defects would be found and thus 
the cost increased, in addition to the cost of the 
inspection department. ; 

An important point was the breaking down of 
the defects into a list of categories. Eighteen 
had been mentioned in the paper, but that could 
only help the manufacturer to find those items 
which could be dealt with with the greatest 
saving. 

Inspection, by and large, was purely a matter of 
opinion between one person and another, and a 
favourite way of reducing the rejects in an enamel 
shop was to put the bad work to another inspector, 
hoping that, in this way, it would be accepted. 
It was important that some standardized form of 
inspection should be introduced. It would be 
interesting to know whether in the author’s own 
factory the introduction of the paper-work 
necessary for statistical quality control was 
considered by the management as an unwarranted 
cost or a justifiable expenditure. 

Mr. J. M. WITENBURG, on the question of the 
cost of statistical quality control, said that he 
never thought in terms of cost but only in terms 
of profit, and it was only a matter of calculation 
to find whether statistical quality control would 
give a profit. In his case, as he had shown, his com- 
pany had increased the proportion of first-grade 
bath-tubs from 60 to 85 per cent. It was necessary 
to give a certain discount on second-grade tubs, 
and the reduction in this discount over a year could 
be set against the cost of statistical quality control. 
His firm had only one statistician, who had three 
girls to help him in his calculations, so that the 
cost was small. : 

Reference had been made to sending rejects 
from one inspector to another. It was for that 
reason that his company had introduced inspec- 
tion cards. When the production quality was bad 
the inspector looked for the good ones, and when 
it was good he looked for the bad ones. 

Mr. Wijtenburg agreed that standardized 
standards should be introduced and said that 
many faults were not caused by the enamelling 
itself. He had studied further the question of 
the specks and the prongs, and found that the 


appearance of specks was related to the height of 
the man who used the prongs. 
Statistical quality control in his works was 





approved by the management. A system was 
evolved suited to the works’ practice and a 
meeting was held to which everyone in the works 
including the management was invited. They 
were then told something about statistical 
quality control in terms which could be under- 


stood, and were then shown the results obtaingg 

Mr. J. NicHotts (The Hurst Hill Enamg 
Co. Ltd.) referred to the statement in the 
that the file of inspection cards was “a 
deterrent against superfluous complaints.” Hay 
the author any figures to show that it 
genuine complaints, or did he think that it did g? 

Mr. WUTENBURG replied that he had no figurg, 
but experience had shown that unnecessay 
complaints were greatly reduced. 

Mr. A. K. WittiamMs (Cannon Industries Ltd) 
said he was quite sure that the system which ha 
been put forward would work excellently with th 
type of product for which it had been designed 
He felt, however, that for cooker work, wher 
very many separate components were required, 
the multiplication of charts for one particuly 
article would cause great difficulty. That did noi 
mean, of course, that a system of arriving at th 
causes of defects and the analysis of those causes 
were not a very important contribution to th 
question of quality control. 

He felt, however, that the main purpose of 
quality control was to arrive at a balance between 
what was commercially possible and the service 
ability of the article to be sold. The present-day 
tendency seemed to be to increase quality 
judged by appearance at the expense of quality as 
judged by service. He did not think that it was 
the salesmanship of the firms which was causing 
that but the authorities who insisted on a quality 
beyond the limits of commercial production. It 
was well known that a sheet-iron plate which had 
one coat and one blemish was greatly to bk 
preferred to one with two coats and no blemishes, 
and for that reason it was essential that inspection 
should be based on quality and appearance and 
that there should be a balance between appear 
ance and service. 

He felt that there were faults in design and 
faults which became apparent in transport andia 
service, as well as others, so that any system of 
inspection must look for faults which were net 
due to enamelling or to the castings or sheet metal 
but to design, because there must be co-operation 
between design and production if all the troubles 
were to be eliminated. 

Mr. J. M. WUTENBURG said his firm made gi 
radiators and solid fuel burners in addition 
bath-tubs, and the same system was used. 

In a cooker there was an upper plate which 
could be controlled in the same way as the bath 
tubs. There was also a front shield, and side 
shields; a similar card could also be made for the 
assembled cooker. He felt sure that that sort of 
control was being carried out at present. Ml 
company were doing no more now than they did 
before, but they were doing it in a better wa), 
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tecause the information obtained was more 
yccurate. What was of interest was not whether a 
thing was good or bad, but why it was good or bad. 
When the reason was known, it was possible to 
see what should be done in the works to stop 

ucing bad components, and that could be 
done only when the right information was 
available. 

Mr. Williams had said that there were other 
faults than those caused in the enamelling. A 
curious thing in any works was the way in which 
people would say “* This fault did not occur in my 

ment, but in his.” Mr. Wijtenburg said 
that he had found this, especially in the interval 
between the casting and enamelling of tubs. 
When production was good, the enamelling shop 
said “ We are doing a good job and making a 
first-class product.” When it was bad—and they 
did have a short period of bad ones—the enamel- 
ling shop said “It is impossible to enamel this 
material.” When damage occurred to articles in a 
works, there were specific causes of it and it 
might occur at specific places. It was interesting 
to know whether the transport system was good 
or not, and not merely generally, but to know 
whether it was good in one part of the works 
and bad in another, and to know whether the 
damage was caused by a man, by a cart or what- 
ever it might be. That information could be 
obtained if the trouble was taken to make out 
one more card and list all the information which 
was received on the subject. 


Mr. R. M. Watrers (Federated Foundries Ltd.) 
remarked that it was evident that in Holland it 
was possible to sell baths of different qualities, 
but he did not think that in this country that 
would be allowed. Baths which were exported 
were inspected by Government inspectors. Did 
that situation exist in Holland? 

Mr. WITENBURG said that they did not’ have 
Government inspectors for baths as a whole, and 
so far as he knew nowhere on the Continent were 
there Government inspectors for bath-tubs. 
Every bath-tub maker on the Continent had his 
own standards, although there were not very 
large differences between those standards, but 
only in the way of interpreting them. In Holland, 
as in Germany, France and Belgium, it was pos- 
sible to sell different qualities. In Holland there 
was a first-grade quality, corresponding to the 
German Luxus, and a commercial quality, which 
was the normal one. For the Luxus the cost was 
correspondingly greater. There was also a second 
quality, which could be bought at a certain dis- 
count, and even a third quality. With a built-in 
bath, if a part was chipped it was often possible 
to build it in so that the chip would not be seen. 
The third quality was not normally put on the 


market, but it was sometimes required, and it was 
more profitable to sell such bath-tubs than to 
discard them. 


Dr. B. K. NIKLEWSKI (Main Enamel Manu- 
facturing Co. Ltd.) said that the question of 
inspection was extremely difficult, especially when 
large quantities were produced. With bath tubs, 
one inspector could inspect 200, but a manufact- 
urer might be producing some thousands of 
articles a day, for instance 2,000 to 3,000 cookers, 
each with 20 different panels, which meant that a 
large volume of parts had to be inspected by the 
minimum number of inspectors. If an inspector 
was told, “* You have passed so many parts which 
have gone on to the assembly line and which are 
defective” he would be scared, and for the next 
three hours he would not pass anything. This 
would annoy the foreman, who would complain 
that good panels were being rejected, with the 
result that the inspector would start passing them 
even if they were below standard. It might be 
said that such a man was a bad inspector, but 
Dr. Niklewski had not yet found an ideal inspector. 
If any delegate present liked to try examining 
panels himself, he would find that after two or 
three hours of it he would pass some panels which 
ought to be rejected and reject some which ought 
to be passed. It was quite normal in a big industry 
to find that after a complaint from a customer the 
inspectors started rejecting everything, and then 
came a big push for production and they passed 
everything. 

That meant an extremely difficult problem for 
management. There did not seem to be in this 
country any general approach to this human 
problem. He did not know much about what was 
done in America, but be gathered that the 
Americans tried to maintain standards and fed 
their inspectors on vitamin A tablets to make their 
eyes sharper in matching colours. Had the author 
found some new vitamin which would make 
inspection better? 

Mr. WITENBURG said that next time there was a 
meeting in his company to discuss quality control 
he would ask Dr. Niklewski to be present to 
repeat the remarks which he had just made, 
because they were excellent. Every day in his 
company the chief inspector took three baths 
which had been inspected out of the store, and 
with the standards in his hand he made out a 
second card. Those cards were controlled, and in 
that way the inspectors were kept as much as 
possible on the right level. It had been found that 
over a period of three months 96 per cent of all the 
trials were just the same. In addition, every month, 
20 baths were taken out of store, the quality 
marks were removed and the baths given to the 
inspectors again, for rechecking. 
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The Painting of Machine Tools 
(Continued from page 59) 


of three rail tracks makes it rarely necessary to 
move machines to suit altered delivery schedules 
or to cope with varying demands for making good 
before the finishing coat. 


A portable suction (exhauster) plant (Fig. 6) 
is used when the machines are set up in large 
shops, in one or more rows, immediately on 
coming off the assembly line. In addition, the 
large dimensions of the shop and the presence of 
cranes would in any case preclude the use of fixed 
or stationary exhauster equipment. 


These examples further show that the causes of 
unrational working may be quite beyond the 
power of the production management, or the 
painting department, to control or eliminate. In 
any event, the concessions made to the other 
requirements of the fabricating plant must be 
kept within supportable bounds. Excessive con- 
cessions will unfavourably influence the results 
of even one-year’s working. 


While machine-tool production has a number 
of snags, making the rational organization of the 
painting department somewhat difficult, many 
possibilities for the introduction of time- and 
cost-saving equipment are present. 


Wherever, consequently, production method 
are not yet organized on progressive lines ang 
associated with suitable equipment, a review of the 
influencing factors just discussed is indicated, 


Such an exact analysis would prevent th 
introduction of means and methods Offering 
unilateral advantages, while involving increased 
burdens elsewhere, which would be required to 
be made up in some way. 


For instance, if high-coverage paints are used 
without suitable drying facilities, the actual 
working time may be reduced, but the total 
processing time for each piece will be unaffected, 
Just as slow-drying paint gives rise to difficulties 
in dusty workshops, time gained by using high- 
duty spraying equipment may be lost elsewhere: 
either, adjacent work surfaces become con 
taminated, owing to the absence of suitable 
exhaust equipment for controlling the paint 
spray; or a spraying cubicle, so located and 
arranged as to impede the removal of freshly 
sprayed parts without damage, will be too long 
occupied. 


While, therefore; care is indicated to avoid 
unfavourably influencing other fabrication stages, 
suitable means can reduce treatment times and 
often enable the same volume of output with 
reduced expenditure of time and labour. 
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ZINC CENTRE MOVES TO LONDON 


|New Offices of Zinc Development Association are formally opened 
by the President of the Board of Trade 


HE new offices of the Zinc Development Association, at 34, 

Berkeley Square, London, W.1., were formally opened on 
January 10 by Mr. Peter Thorneycroft, M.P., President of the 
Board of Trade. 


Mr. Thorneycroft, in welcoming the Association to London, spoke 
of the way in which it so freely helped users of zinc, not only in the 
United Kingdom, but throughout the world. He referred to the 
Association as a most co-operative body and one with whom the 
Board of Trade had always maintained the most friendly relations. 
The President also took the opportunity to pay tribute to Mr. W. Mure, 
the past Chairman of the Association, for his services as joint Controller 
of Non-Ferrous Metals during the war, and also thanked Mr. Stubbs, 
the Director, for his work at the International Materials Conference. 

Mr. D. P. C. Neave, the Chairman of the Zinc Development Association, 
in thanking the President, drew attention to the unique position occupied by 
development associations in Britain. They had a reputation for providing 
impartial and accurate information to enquirers. The Z.D.A. and its affiliated 
associations—the Hot Dip Galvanizers, the Zinc Alloy Die Casters and the 
Zinc Pigment Development Associations—had in recent years greatly 
extended their work and were well known to zinc users everywhere. 


The exchange of information which its essential character. 


At the same 





had taken place at the various Con- 
ferences organized by the Associations 
had stimulated interest in zinc so that 
itwas now being used to better advant- 
age than ever, and it was interesting 
to note that the consumption of zinc 
had reached a new high level in 1955. 
Most of the zinc used in Britain was of 
Commonwealth origin, and Canada 
and Australia had contributed very 
generously to the Zinc Development 
Association and had made possible its 
move to London, where it would be in 
daily contact with the principal users. 
The credit for making the policy 
decisions in connection with the new 
offices belonged entirely to his im- 
mediate predecessor, Mr. William 
Mure, and the occasion made a suitable 
culmination to his three years as a 
most successful Chairman of the 
iation. 
The New Offices 

No. 34, Berkeley Square, a house 
built in mid-Victorian times, has been 
modernized by the installation of a lift, 
but care has been taken not to destroy 


The President of the Board of Trade signs 

the visitors’ book at the new Z.D.A. 

es, watched by Mr. D. P. C. Neave, 
man of the Association. 





time, the best modern ideas in interior 
decoration and equipment have been 
incorporated. All the decorations and 
furniture have been designed by James 


Cubitt & Partners, architects, and the 
new building will form a centre where 
consumers of zinc in Britain and all 
over the world can obtain information 
on zinc and its uses. 

The ground floor contains the 
Library and a small waiting room in 
which there are exhibits and charts 
showing the main properties of zinc. 
A staircase from the waiting room 
leads to the basement and to an 
exhibition room which will be used for 
special exhibitions which will be 
changed from time to time. 

On the first floor is the Council 
Room, which has been fitted up for 
showing films, and the Director’s 
office. These two rooms are con- 
nected by folding doors which can be 
opened for receptions. 

On the second floor are the offices of 
the Chief Technical Officer, 
Secretary and the technical officers 
concerned with galvanizing. On the 
third floor are the offices of the 
technical officers dealing with die 
casting, the production engineers and 
the main typing pool. 





Meetings of the Month 


February 20 
Institute of Metal Finishing (London 
Branch). “ Ultrasonics” by G. E. 
Littleford at the Northampton Poly- 


technic, St. John Street, London, 





E.C.1. 6.15 p.m. 


February 22 
Society of Chemical Industry (Cor- 
rosion Group). “* Control of Corrosion | 
in the Dairying Industry,” by G. H. | 
Botham and E. L. Crossley, at the | 
Chemical Society, Burlington House, 
Piccadilly, London, W.1. 6.30 p.m. 
March 1 
Institute of Metal Finishing (North- | 
West Branch). ‘General Plating 
Shop Problems and Suggested Remed- 
ies,’ by R. G. Hughes, at the Engineer’s | 
Club, Albert Square, Manchester. 


7.30 p.m. 
March 5 
Society of Chemical Industry (London 
Section). ‘‘ The Production and Uses 
of Sequestering Agents,” by Dr. J. T. 
Aiken, Dr. R. L. Smith, and Dr. N. E. 
Topp, at the Chemical Society, 
Burlington House, Piccadilly, London, 
W.1. 6.15 p.m. 
March 6 
Institute of Metal Finishing 
Branch). ‘“‘ Some Problems in Bright 
Plating,” by T. P. Hoar, M.A., Ph.D., 
B.Sc., F.R.LC., F.I.M., at the James 
Watt Memorial Institute, Great Charles 
Street, Birmingham, 3. 6.30 p.m. 


March 7 

Institute of Vitreous Enamellers 
(Southern Section). ‘“‘ The Use and 
Maintenance of Static Enamelling | 
Furnaces”’ by J. A. Swain at the | 
Howard Hotel, Norfolk Street, 
London, W.C.2. 7.30 p.m... This 
meeting will be preceded at 7.15 p.m. 
by the Branch Annual General 


Meeting. 
March 9 
Institute of Metal Finishing (London 
Branch). Practical Platers Night and 
Supper at the Palmerston, 49, Bishops- 
gate, London, E.C.2. 6.30 p.m. The 
Chairman will be J. E. Garside, 
M.Sc., Ph.D. 
March 14 
Institute of Metal Finishing (Organic 
Finishing Group). “Problems of 
Communication Between Science and 
Industry with Particular Reference to 
the Role of the Technical Press,” by 
Johri Hooper, at the Birmingham 
Exchange and Engineering Centre, 








| growth of its products. 
| producing only Jenolite RRN, it is now 
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TRADE AND TECHNICAL PUBLICATION 


Selenium Rectifiers: A new twelve- 
age technical bulletin, describing and 

illustrating the H-VW-M_ Selenium 
rectifiers for electroplating, anodizing 
and related processing, has been 
published by Hanson-Van Winkle- 
Munning Co., Matawan, New Jersey, 
U.S.A. . 

It gives details of construction, 
electrical and control features and 
also includes the specifications of 
standard bench, self-contained, and 
remote controlled types of rectifiers. 
These detail the AC input, DC output, 
controls, protection and meter's avail- 
able on each of the three models. 
There is also a discussion of major 
electrical and mechanical component 
parts and a description of the several 
methods of voltage control operated by 
manual, push-button, or automatic 
means. The bulletin covers the 
complete line of ratings from 6 to 48 
volt output. 

Each type of selenium rectifier is 
illustrated, and there are also photo- 
graphs of the component parts of each 
rectifier. 

~ ~ * 

Anniversary: The December issue of 
Jenolite News is a special anniversary 
edition to celebrate the tenth annivers- 
ary of the journal published by Jeno- 
lite Ltd., 13-17 Rathbone Street, 
London, W.1. 

It contains a history of the company 
and describes its growth and the 
Originally 


interested in the entire field of metal 
surface pre-treatment as well as 
entering into the field of industrial 
phosphating and the removal of mill- 
scale on structures. 

A lengthy account is given on the 
problem of de-scaling structural steel- 
work. It deals with what mill-scale is 
and how it arises. The danger of 
allowing the scale to remain is ex- 
plained and the results that it can have 
on any applied paint. The new 
Jenolite Jelly Descalers are claimed to 
overcome this problem and_ the 
publication states that it can be 
applied to the steelwork after erection 
which means that there is no time lag 
between the completion of descaling 
and the application of protective 
coatings to the steelwork. 

* * * 


Continuous Galvanizing Plant: This 
reprint issued by the Incandescent 
Heat Co. Ltd. describes the installa- 
tion of a new continuous annealing and 
galvanizing plant for the galvanizing of 
both mild and high-carbon steel wire. 


It' describes the complete procy 
starting with the lead-bath 
furnace through the acid-cleaning 
followed by water-spray i 
water-wash tank, fluxing tank, pre. 
heating and drying chamber together 
with the galvanizing bath _ iitsey 
equipped with overhead creel 
and guide gear to convey the wire ip 
the winding frames. 

+ * 


Preventing Corrosion of Struct 
Steelwork: A booklet published by 
Winn and Coales Ltd., Denso Houg, 
Chapel Road, London, S.E.27., de 
cribes the Denso method of protecting 
structural steelwork. 

It is pointed out that it is important 
to prepare the metal surface by fir 
removing all loose scale, rust and dir 
and then to brush Denso paste over 
the entire surface. This paste 
claimed to contain special agents which 
render passive any oxides that ar 
formed. On top of this is placed th 
Denso tape, which it is claimed, makes 
a complete air and water proof seal, 
giving protection against all corrosive 
influences. 

Further it is stated that the tapeis 
unalterable in composition and plastic. 
ity over a wide range of temperaturs 
and is highly resistant to acids, alkalies 
and salts and also it will neither crack 
nor harden and is unaffected by vibn- 
tion. ° bg bd 

Vacuum Metallizing: In tk 
December issue of the ‘* Aluminium 
News ” from the Northern Aluminium 
Co. -Ltd., Bush House, Aldwych, 
London, W.C.2., is an article dealing 
with the process of plating products by 
melting and vapourizing metal ina 
vacuum chamber. 

Aluminium in the form of }im 
staples is hung on tungsten filaments 
in the chamber which is evacuated to 
a pressure of one-half micron. Th 
low-voltage applied to the filaments 
melts the aluminium which then mus 
on to the filament and wets the entire 
surface. As the heat increases to about 
1800° F. the aluminium evaporates and 
molecules radiate from the filament in 
straight lines and condense on the 
exposed surfaces of the parts in th 
chamber. ? 

As the film of aluminium deposited 
in the vacuum chamber is only about 
five-millionths of an inch thick, its 
therefore claimed that it reproduce. 
exactly the surface of the part resul 
in a rough effect. To achieve a sim 
lated polished surface, a coat of lacquer 
or synthetic resin is applied to the 
surface before it is metallized. 


* 





Stephenson Place, Birmingham, 2. 
March 19 
Institute of Metal Finishing (London 
Branch). ‘‘ Some Problems in Bright 


Plating” by T. P. Hoar, M.A., PhD, 
B.Sc., F.R.LC., F.I.M. at the North 
ampton Polytechnic, St. John Stree, 
London, E.C.1. 6.15 p.m. 
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latest Developments 





PLANT, PROCESSES and EQUIPMENT 





Belt-Sanding Attachment 

cage Nhe et savings in time and labour costs, 

during the finishing of castings, pressings, dies, 
fabricated metalwork and other similar components 
in ferrous and non-ferrous metals are claimed with a 
new belt sanding attachment introduced by Wolf 
Electric Tools Ltd., Pioneer Works, Hangar Lane, 
London, W.5. 


ek ES 


Of robust construction, it has been designed for use 
in conjunction with the company’s 6-in. high-speed 
heavy-duty grinder, type GQ6, which is claimed to be 
the only universal-type electric grinder possessing the 
power and speed essential for satisfactory belt sanding 
results, and enabling a 2-in. wide by 2-ft. long, endless 
abrasive belt to operate at a light load of 6,000-ft. per 
minute. 

The attachment (Fig. 1) consists of a patented 4-in. 
dia, by 2-in wide rubber-typed contact wheel and a 
cast aluminium bracket, at the end of which is mounted 
asteel pulley running on a ball bearing. The abrasive 
belt is mounted on the steel pulley and is correctly 
tensioned by means of a ‘spring-loaded eccentric, 
the assembly position being controlled by an adjusting 
screw. The attachment bracket is mounted on the end 
of the GQ6 grinder gearbox in place of the existing 
whee] guard, and uses the same fixing screws, the 
tubber-typed contact wheel being fitted on the 
grinder spindle. The slack part of the belt between 
the contact wheel and pulley makes the attachment 
suitable for the finishing of convex and concave 
surfaces it is claimed and in addition, for use on thin- 
auge material and for the finishing of stainless-steel 


components, giving polish marks running in one 
direction only. ; 


Fig. 1 (left).— 
Belt-sanding 
attachment. 


Fig. 2 (right).— 
Fume scrubbing 
and absorption 

tower.§ 





Fume Scrubbing and Absorption Tower 
A NEW fume scrubbing and absorption tower 
(Fig. 2) has been produced by Turner and 
Brown Ltd. which is designed to eliminate sulphuric; 
hydrochloric- and nitric-acid fumes. 

The tower and internal components are con- 
structed from Cobex rigid P.V.C. supplied by BX 
Plastics Ltd. Cobex is a dimensionally stable material 
which resists most chemicals. 

The unit is capable of scrubbing fumes from 14 to 20 
litres of acid vapours per hour and is claimed to be 
99.9 per cent efficient. The tower is approximately 
8-ft. high and 2-ft. square, and can be supplied with a 
special fume cabinet or as a single unit for incorpora- 
tion into existing equipment. 
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Fig. 3.—Polythene containers. 


Polythene Containers 
[| ABce cast-polythene plastic containers (Fig. 3) 
are now being marketed in this country by Tool 
Treatments (Chemicals) Ltd., Colliery Road, Birming- 
ham Road, West Bromwich. 

The 10-gal. capacity large round tub measures 
22-in. in dia. and 11-in. deep, while the large deep bin 
of 8-gal. capacity is 154-in. dia. and 18-in. deep. These 
containers are claimed to be practically indestructible, 
impervious to the action of corrosive and erosive 
fluids, light in weight and ideal for use in food 
factories, bakeries, chemical industries, brewery 
trades, electro-plating, etc. For convenience in 
storing the containers nest into the minimum space. 


Abrasive Tool 
A new popular 7-in. Standard Sander (Fig. 4), 
with 20 per cent less weight and 20 per cent more 
power, which is designed as a general service unit for 
maintenance and production is now being produced 
by Black and Decker Ltd., Harmondsworth, 
Middlesex. 

Various improvements have been made in the motor 
to increase the working efficiency of this tool which 
runs at 4,250 r.p.m. A centrifugal fan is claimed to 
keep the commutator section cool and almost entirely 
free from dust, and the exhaust air is deflected away 
from the operator. Heat-treated, spiral bevel gears 
are moulded on splined shafts for greater strength. 
Current consumption at rated load is 720 watts, 
and the machine weighs 10} Ib. 

Switch, commutator, and bearings are sealed 


Fig. 4.—7-in. Standard sander. 


against dust and dirt, and it is equipped with ag 
acting spindle-lock for changing discs. 3 

Standard equipment includes: Spindle-lo¢ 
conductor cable; reversible side handle ; 64-in. maj 
rubber pad; three 7-in. sanding discs (1 @ 
1 medium, | fine); strap metal stand; clamp 


Fig. 5.—Air motor agitator. 





Air Motor Agitator 
| be modern finishing processes increasing use is 
made of heavily pigmented and metallic 
which must be kept constantly agitated in 
Without this constant agitation components fini 
from the beginning or end of a batch of material 
well be substantially different in colour or the 
may separate out into its constituent parts. 
B.E.N. model 310 air motor agitator has been i 
duced to perform this function by B.E.N. 
Ltd., P.O. Box No. 10, High Wycombe, Bucks. 
The unit (Fig. 5) incorporates an opposed-pi 
type motor driving through rack-and-pinion 
paddle shaft which gives a 180-deg. oscillatory pe 
ment thus providing a high degree of agitation 
to a wide range of finishing materials. Agitation 
uniform throughout the contents of the material 
containers to which they are fitted. i 
The air consumption of the agitator is very onl 
approximately 2 cu. ft. per min. under 
conditions, the speed range being controllable 
50 to 60 ‘oscillations per minute down to zero @ 
adjustment of a simple control cock. : 
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